Background: A taxonomic study of the genus Rhynchosia section Chrysoscias is presented. The section (as classified by Baker) comprises five taxa (four species and one variety). Previous revisions of the section by various botanists placed emphasis on leaflet shape and number of flowers as the primary characters to distinguish the species, however, these characters were found to be highly variable even within species. In addition, species distribution overlaps and therefore no conclusions can be made based on distribution patterns. Objectives: The aim of this paper is to provide diagnostic features of the four species of the section recognised in the current study, a key to the species, correct nomenclature, complete synonymy, typification, description, distribution maps as well as habitat notes. Methodology: We studied herbarium specimens housed at BOL, JRAU, PRE, and those loaned from NBG (including SAM) supplemented by extensive field work. Morphological features were studied; measurements of characters recorded and illustrations were drawn using a camera lucida attachment. Anatomical and scanning electron microscopy studies were also carried out. Results: The current study revealed that there are four species in this section: Rhynchosia angustifolia, R. chrysoscias, R. leucoscias and R. microscias. The distribution and type of trichomes, degree of fusion in the uppermost calyx lobes and size of the standard petal are important taxonomic characters for distinguishing between the species. Leaflet shape can only be used in distinguishing R. angustifolia from the other species. The section is restricted to the Core Cape Subregion of the Greater Cape Region of South Africa. Conclusion: Four species are recognised, Rhynchosia angustifolia, R. chrysoscias, R. leucoscias and R. microscias. R. leucoscias var. angustifolia is here synonymised with R. angustifolia and the latter name is preserved to take Jacquin's earlier name of Glycine angustifolia referring to the narrow leaflets. The distributions and types of trichomes are reported here for the first time.
Introduction
The genus Rhynchosia Lour. (commonly known as snout bean) belongs to the subtribe Cajaninae, tribe Phaseoleae, in the family Fabaceae. The genus is the largest in the subtribe, comprising about 232 species distributed throughout the tropics and subtropics, and extending to North America from Mexico to some parts of the United States as well as Africa and Madagascar where it is most diverse (Schrire, 2005; Turner, 2011) . About 73 species are native to southern Africa, with one species [R. phaseoloides (Sw.) Kuntze] cultivated in the region (Germishuizen et al., 2006; Glen, 2002; Schrire, 2005; Moteetee and Le Roux, 2016) . Within Cajaninae, Rhynchosia is closely related to the genus Eriosema (DC.) G.Don. (Moteetee et al., 2012) , sharing mostly pinnately trifoliolate leaves which are prominently-veined underneath, yellow flowers, and generally 2-seeded fruits. The mode of funicular attachment of the seed in relation to the hilum is the only distinguishing character between these two genera (Grear and Dengler, 1976; Moteetee and Van Wyk, 2006) . In Eriosema the funicular attachment is at the end of the hilum whereas in Rhynchosia the attachment is centric or subcentric (Ramcharan et al., 1973) . Rhynchosia is also closely related to Bolusafra Kuntze and Flemingia Roxb. ex W.T.Aiton (Lackey, 1981; Verdcourt, 2001; Moteetee and Van Wyk, 2006) . Rhynchosia is similar to Bolusafra in that they both have similar growth habit (twining), pinnately trifoliolate leaves with conspicuous veins generally covered with glands beneath and yellow flowers. Rhynchosia is also similar to Flemingia in growth form, leaves covered with glands beneath, yellow flowers and two-seeded fruits. Rhynchosia differs from Bolusafra in that the latter has prominent seed arils and turgid fruits as opposed to obsolete or almost absent seed arils in the South African species of Rhynchosia and laterally compressed fruits (with the exception of Rhynchosia section Chrysoscias where fruits can be slightly turgid) which are often falcate (Verdcourt, 2001; Moteetee and Van Wyk, 2006) . Flemingia may be distinguished from Rhynchosia by its digitately trifoliolate leaves and the very turgid fruits (Verdcourt, 2001 ).
De Candolle (1825) described a number (21) of South African species of Rhynchosia, followed by Ecklon and Zeyher (1836) who described 11 species. Thereafter, sectional classification of South(ern) African species was introduced by various authors, in most cases with little overlap (summarised in (4 spp.) . Baker (1871) divided the southern African species into three sections: Cyanospermum (2 spp.), Copisma (3 spp.) and Arcyphyllum Torrey and Gray (1 sp.). Baker (1923) recognised 59 species in the genus; he based his classification mainly on Harvey (1862) and Baker (1871) in preserving Arcyphyllum, Cyanospermum, Chrysoscias, and Polytropia, but then lumped all of Orthodanum and Copisma into his type section Eurhynchosia (correctly known as section Rhynchosia). A revised sectional classification will be finalised once molecular studies have been completed (Manyelo, 2014) . Based on the ongoing studies of the South African species of the genus, sect. Cyanospermum remains with one species (Moteetee et al., 2012) while one new species has been added to sect. Polytropia (Moteetee et al., 2014) . Sect. Chrysoscias is the subject of the current study.
The name Chrysoscias is derived from the Greek words "chryso" for golden and "scias" for shade-loving plant. Species in this section are characterised by golden glands on the leaf surface and fruits, and golden bulbous-based hairs that are variably distributed on the stems, leaflets, calyces, and sometimes on the pods; they are mostly found creeping or twining in shady places although they can also occur in full sun. Based on our observations, the species are restricted to the Core Cape Subregion of the Greater Cape Region of South Africa.
In the last revision of the South African species of Rhynchosia, Baker (1923) used leaflet shape and the extent of fusion of calyx lobes as diagnostic characters for this section. The degree of fusion of the calyx lobes can only be used to distinguish R. chrysoscias from the other species in this section. An examination of herbarium specimens has indicated that there is confusion between R. chrysoscias and R. leucoscias as these species are morphologically very similar, with overlapping distributions. There is also confusion between R. angustifolia and R. leucoscias var. angustifolia as they both have narrow-linear leaflets and solitary or sub-solitary flowers. This clearly shows that there is extensive variation in morphological characters in the section, which results in uncertainties when determining species delimitations. Therefore, the aim of the present paper is to provide a revision of section Chrysoscias with a key to the species, correct nomenclature, complete synonymy, typification, descriptions, diagnostic features of the species, distribution maps, and habitat notes. We recognise four species in this treatment of the section (R. chrysoscias, R. leucoscias, R. angustifolia and R. microscias).
Materials and methods
We studied herbarium specimens housed at BOL, JRAU, PRE, and those loaned from NBG (including SAM) supplemented by extensive field work of almost all the taxa throughout their known geographical distributions. Type specimens were examined online at www.plants. jstor.org. Distribution data for all species were gathered during field trips, from herbarium material and field notes. Leistner and Morris (1976) was used to locate the quarter degree squares for the place names. For floral dissections, flowers were rehydrated in boiling water and mounted in glycerol. Illustrations were drawn using a camera lucida attachment. Images of leaf surfaces and anatomical sections were taken using a Zeiss Stereo microscope, 6.3 × micro-lens and Zeiss compound microscope. For anatomical studies herbarium material was first rehydrated by placing in boiled distilled water for about 24 h at 50 °C, the water was then completely drained and the material placed in FAA for a minimum of 24 h. The material was subsequently treated according to a modification (a five day final infiltration) of the method of Feder and O'Brien (1968) for embedding in glycol methacrylate (GMA) and infiltrated with GMA over five days. Sections were made using a 2045 Multicut Rotary Microtome. Staining was done according to the periodic acid Schiff/toluidine blue (PAS/TB) staining method (Feder and O'Brien, 1968) . For Scanning Electron Microscopy (SEM) studies, leaf and calyx surface appendages, air dried material was mounted on carbon stubs and gold coated using an Emscope gold coater. These were then viewed with a Tescan SEM at 8 kV using the Vega3TC software program, photographed with an Oxford instruments X-Max camera and also viewed with Phenom Pro SEM at 5 kV using the ProSuite software program, photographed with Phenom built in camera. Description of vegetation types of all the species follows the standard vegetation types in Mucina and Rutherford (2006) .
3. Results and discussion 3.1. Vegetative morphology Species of Rhynchosia section Chrysoscias are climbing or twining creepers, or spreading prostrate herbs from 0.2-1.0 m long (Fig. 1) . Stems are slender, suffruticose at the base, branches firm-herbaceous, shortly pubescent to densely grey-pilose and sometimes glandular (especially in R. chrysoscias). Leaflets are pinnately trifoliolate and their shape varies from linear, through narrowly linear, linear-lanceolate and lanceolate to oblong-lanceolate, with revolute margins. The leaflet shape is of limited diagnostic value but can be used to distinguish between R. leucoscias (oblong-lanceolate or linear-lanceolate) and R. angustifolia (leaflets narrowly-linear). Rhynchosia leucoscias has the largest leaflets [(24.0-) (Fig. 2) . Like most of the papilionoid taxa, species in this section have persistent stipules, with shapes varying from broadly oblong to ovate or ovate-lanceolate. In R. chrysoscias and R. microscias the stipules are ovate-lanceolate while in R. leucoscias and R. angustifolia they are broadly oblong.
Reproductive morphology
In this section the flowers are either borne in axillary umbels, or are solitary to subsolitary (R. angustifolia). The peduncles range from 15 to 60 mm, bearing 1-many flowers.
Pedicels are shorter than the peduncles, ranging from 1 to 20 mm. Bracts are caducous, broadly-oblong to ovate-lanceolate, acute and attached at the base of each pedicel; bracteoles absent. The flowers are yellow in all species. The calyx lobes are generally bilabiate with the upper lobes connate to the middle in R. chrysoscias and connate to beyond the middle in the rest of the species. The calyx lobes are lanceolate to linear-lanceolate and the upper ones equal to or slightly shorter (4.5-13.0 mm) than the vexillum (8.0-15.5 mm). The standard petal is generally large (8-15 × 6-15), ovate to broadly obovate, slightly emarginate, glabrous, without appendages and shortly clawed (Fig. 3A1-A4 ). The wing petals are oblong to obliquely-oblong, subcordate at the base and exhibit little surface sculpturing. The wing petals are equal to or longer than the keel petals in all species except in R. microscias, where they are slightly shorter than the keel (Fig. 3B1-B4 ). The size of the wings ranges from 6 to 15 × 2-8 mm with a welldeveloped claw. The keel petals are generally uniform in shape throughout the section and are shorter and slightly broader than the wings. They are generally rostrate to rostrate-oblong or rostrate-obovate ( Fig. 3C1-C4 ). In R. chrysoscias, R. leucoscias and R. angustifolia the keels are larger than (7-14 × 5-14 mm) in R. microscias where the keels are smaller, ranging from 4 to 8 × 3-4 mm.
Fruits with a caducous or persistent calyx, unilocular, oblong, broadly-oblong to ovoid, mucronate, rarely compressed, slightly turgid, dehiscent, straight or slightly curved and 1-2 seeded. The dehiscence of the valves is along both sutures, opening apically with valves twisting downwards. Seeds are brown or black with brown mottling, somewhat compressed, smooth and oblong-reniform to ovoid. The mature seeds remain attached to the open fruits.
Leaf vestiture and anatomy
The distribution and type of trichomes are important taxonomic characters for distinguishing between the species in this section. The vestiture is composed of both glandular and non-glandular trichomes (bulbous-based and uniseriate hairs) . The cross section of the leaf and SEM micrographs revealed that there are four types of trichomes that occur in section Chrysoscias, differentiated according to their shape (terminology adapted from Vargas et al., 2015) . The four types of trichomes are:
• Spherical capitate glands (S) with circular to semi-circular apical cells and unicellular bases (Fig. 5A , B & G).
• Ellipsoid capitate glands (E) that are oblong in shape with unicellular bases (Fig.  5C ).
• Bulbous-based hairs (BB) with rounded bases, apically elongated cells; distributed on stems, both the abaxial and adaxial leaflet surfaces and petioles of R. chrysoscias, and calyces of all other species in this section ( Fig. 5A & E) .
• Uniseriate hairs (U) comprising of one to three cells (Fig. 5D, F & H) .
The non-branched uniseriate hairs are comprised of one to three cells. These trichomes usually have terete cells at the base and elongated apical cells. Both glandular and non-glandular trichomes are homogenously distributed on the petiole surface. Details of trichome distribution and other epidermal features are tabulated in Table 2 .
Glandular trichomes are of the vesicular type, orange-yellow to golden or rarely colourless (some specimens of R. angustifolia). Vesicular glands (E and S) consist of a squat head of cells contained within a shallow depression of the epidermis (Moteetee and Van Wyk, 2006) . These glands are present on the leaflets in R. chrysoscias, R. leucoscias and R. angustifolia and only on the stipules in R. microscias. In R. chrysoscias they are distributed abundantly throughout the plant on the stems, petioles, and leaflets (both surfaces); in R. leucoscias and R. angustifolia they are on the upper surface of the stipules, abaxial surface of the leaflets and only rarely on the adaxial surface of the leaflets.
There are two types of non-glandular trichomes, the bulbous-based hairs and the uniseriate (simple) hairs. The bulbous-based hairs are present in all the species.
In R. chrysoscias they occur on the stems, stipules (upper surface), petioles, leaflets (both surfaces), calyces and pods; while they are only present on the calyces and pods in R. leucoscias, R. angustifolia and R. microscias.
The uniseriate hairs consistently occur throughout the plant (stems, stipules, petioles, leaflets, bracts, calyces and pods) in all the species. In R. chrysoscias they are villous on stems, petioles and pods, pilose to slightly pubescent on the stipules, puberulous above and villous below on the leaflets and golden yellow on the calyces. In R. leucoscias they are silky-silvery on the stems and calyces, tomentose on the stipules and petioles, on the leaflets they are white tomentose on the lower and puberulous on the upper surface, and villous on the pods. In R. angustifolia they are silky-canescent on the stems, tomentose on the stipules and petioles, on leaflets they are white tomentose on the lower surface and sparsely pubescent on the upper surface, silky-silvery on calyces and villous on the pods. In R. microscias they are silky-canescent on the stems and petioles, pubescent on stipules and calyces, on the leaflets they are canescent-sericeous on the lower surface, glabrescent on the upper surface and villous on pods.
In transverse sections of the leaf blade, in all species, the epidermis consists of a single layer of cells and tends to have sinous cell outlines on the abaxial surface and occasional stomata. On the adaxial surface the epidermis has larger cells with polygonal outlines and no stomata. The stomata are always on the abaxial surface of the leaf and each stoma has two subsidiary cells which are parallel to the longitudinal axis of the pore and guard cells (paracytic). Plants subshrubs, stems twining. Stipules deciduous, broad to broadly oblong, ovate to ovate lanceolate, glandular, slightly pubescent or slightly pilose above with bulbous-based hairs (only in R. chrysoscias), acute. Leaflets pinnately trifoliolate; lanceolate, oblong-lanceolate, linear, linear-lanceolate to narrowly linear with slight to strongly revolute margins; glandular or non-glandular, tomentose, sericeous, or villous below and puberulous to glabrescent above with reticulate venation. Flowers yellow, solitary to sub-solitary or in axillary umbels bearing 1-8(− 10) flowers, peduncles longer (15-45 mm) than the petiole (2-20 mm); bracts broadly-oblong to ovate-lanceolate, silky-villous to pubescent and glandular above, acute to sub-acute or obtuse. Calyx bilabiate, golden yellow or silkysilvery with bulbous-based hairs, the two uppermost lobes somewhat connate at the base, segments lanceolate. Standard petal broadly obovate, large (8-15 × 6-15), without appendages, slightly emarginate; wing petals ovate to obovate, subcordate at the base; keel petals rostrate, 4-11 × 3-14 mm, somewhat broader than the wings (6-15 × 3-8). Stamens diadelphous (9 + 1), anthers monomorphic, dorsifixed. Ovary narrowly oblong, subsessile, pubescent, 2-ovuled; style hairy below (silky-silvery), glabrous and curved upwards. Pods oblong to broadly-oblong or ovoid, villous or pilose, compressed to slightly turgid, mucronate and somewhat dehiscent. Seeds 1-2, brown or black. Twining subshrub up to 0.7 m, stems silky-canescent. Stipules ovate, acute to subacute, (3.5-)4-6 × 2-3 mm, glandular and tomentose to pubescent above. Leaflets narrowly-lanceolate to linear, white to tomentose and glandular below, sparsely pubescent above without bulbous-based hairs, (15-)27-34 × 1-3(− 3.5) mm long; margins strongly revolute; petioles (2.0-)3.5-5.0 mm long. Peduncles 20-42 mm long, solitary to sub-solitary, bearing 1-2 flowers; pedicels 3.5-4.5 mm long. Flowers axillary, (11-)12-20 × 4-6 mm. Calyx silky-silvery, upper lip equal to lower lip, 6-10 mm long, tube 2 mm long; the two uppermost calyx lobes connate to beyond the middle. Standard 8-12 × 6-11 mm, claw 2-3 mm long; wings 9-10 × 3-4 mm, almost equal to the keel, claw 3.5-5.0 mm long, longer than that of the standard petal and the keel; keel slightly larger than wings, 8.0-11.0 × 3.5-4.0 mm, claw 2-3 mm long (Fig. 6 ). Pods oblong, villous, 13-14 mm long; seeds black. Flowers from late winter through summer and autumn: August-April.
4.2.1.1
Diagnostic characters. Rhynchosia angustifolia has a similar growth form to that of R. leucoscias in that they are both twining sub-shrubs (except that R. angustifolia is strongly twining) and that they both have leaflets with glands. It can be easily distinguished from R. leucoscias by its narrower leaflets [(15-)27-34 × 1-3(− 3.5) mm vs. (24-)32-58(− 70.5) × 7.5-15.0 mm] that are strongly revolute, solitary to sub-solitary flowers, and by its shorter peduncles (20-42 mm vs 20-60 mm long). It can be distinguished from R. chrysoscias by the lack of bulbous-based hairs on the leaflets.
4.2.1.2
Distribution and habitat. Rhynchosia angustifolia is restricted to the Caledon area from Zwarteberg, Helderberg (Grootvaderbosch), Viljoen Pass, Lebanon to Hermanus and extends to the Riversonderend Mountains (Fig. 7) and a disjunct population further east in the Langeberg area. It grows along river catchments in fairly moist to well-drained sandy soils as well as on dry rocky mountain slopes in sandy loam soils in Overberg Dune Strandveld (FS 7), South Sonderend Sandstone Fynbos (FFs 14) and Central Ruens Shale Renosterveld (FRs 12) vegetation.
4.2.1.3
Nomenclatural notes. Jacquin's illustration shows clearly the strongly twining growth habit characteristic of R. angustifolia. The Cylista angustifolia specimen in TCD is chosen as lectotype because it is part of Zeyher's collection with Ecklon and Zeyher's Enumeratio label. Zeyher 2410 in S is a mixed collection of Cylista angustifolia (R. leucoscias) and R. leucoscias var. angustifolia (R. angustifolia); the collection referred to here is the branch in the upper right hand corner of the sheet with a R. leucoscias var. angustifolia label and a herbarium number S.12-9918. The specimen in S is chosen as lectotype because there are locality details on the sheet and it is of good material.
When erecting Rhynchosia leucoscias var. angustifolia, Harvey (1862) noted that it could be distinguished from the typical variety by its fewer flowers (sub-solitary) and very narrow leaflets. He also mentioned that R. uniflora (now R. angustifolia) is much like R. microscias and can only be distinguished by its constantly solitary flowers on short pedicels. We observed a close similarity (strongly twining habit, narrow-linear leaflets, and solitary to sub-solitary flowers) between R. leucoscias var. angustifolia and R. angustifolia such that it is difficult to distinguish or separate the two taxa. We believe that Harvey only saw one specimen of R. uniflora (Zeyher 1689) and now with extensive collections from the type locality, it is clear that there is only one species. Therefore R. leucoscias var. angustifolia is here synonymised with R. angustifolia and the latter name is preserved to take Jacquin's earlier name of Glycine angustifolia referring to the narrow leaflets. Creeping subshrub, stems twining sometimes prostrate or sprawling, villous, glandular, golden yellow when young, forming mats of about 0.5 m long, up to 2.0 m long when twining. Stipules broadly oblong, acute 5.8-8.2 × 2.6-5.3 mm, glandular and slightly pilose above. Leaflets lanceolate to oblong-lanceolate, puberulous above, with bulbous-based hairs on both surfaces, villous below, glandular, margins revolute, 30-40 × 5-10 mm; petiole 3.5-7.8 mm long. Peduncles 20-50 mm long, umbels bearing 3-5 flowers. Flowers axillary,11-20(− 22) × 4-7 mm. Calyx golden yellow, upper lip 9.5-13.0 mm long, lower lip 11.5-15.0 mm long; tube 2 mm long; the two uppermost lobes connate to the middle. Standard 10.0-15.5 × 7-15 mm, claw 2.0-3.5 mm long; wings narrower than the keel 9.0-15.0 × 3.5-8.0 mm, claw 3-5 mm; keel larger than wings, 8.5-14.0 × 5.0-14.0 mm, claw 3.0-6.5 mm long (Fig. 8) . Pods oblong, villous, 14-15 mm long; seeds black or brown. Flowers from late winter through spring and mid-summer: late July-December.
4.2.2.1
Diagnostic characters. Rhynchosia chrysoscias can be distinguished from other species in this section by the golden bulbous-based hairs that occur on young stems, leaflets and calyces and the vesicular glands that occur throughout the plant. In others species the golden bulbous-based hairs only occur on the calyces. The standard petal is much larger than those of R. leucoscias and R. microscias (10.0-15.5 × 7.0-15.0 mm vs. 8-11 × 6-9 mm in R. microscias and 9.5-13.0 × 7.5-12.5 mm in R. leucoscias).
4.2.2.2
Distribution and habitat. Rhynchosia chrysoscias has a widespread distribution in the Core Cape Subregion, from the Western Cape to the Eastern Cape Province. It is widely distributed along coastal areas from Bredasdorp easterly up to Port Elizabeth and is the most widespread species in this section (Fig. 9) . Rhynchosia chrysoscias and R. leucoscias are sometimes confused with each other not only because of their similar morphological characters but also due to their strongly overlapping distributions. However, R. leucoscias grows in moist to dry sandy soils in Kouga Grassy Sandstone 
4.2.2.3
Nomenclatural notes. Thunberg's specimen is chosen as lectotype for Rhynchosia chrysoscias because of all the synonyms listed by Harvey (1862) , Glycine erecta Thunb. is the oldest. Had the name not been already taken by De Candolle's Rhynchosia erecta, this would be the correct name for this species.
4.2.3.1
Diagnostic characters. Rhynchosia leucoscias is a twining sub-shrub, occasionally creeping, with stems that are silky-silvery when young and grow from 0.5-2.0 m long if twining. It is similar to R. chrysoscias in leaflet shape but differs markedly in its reticulate white tomentose leaflets with glands on the lower surface but without bulbousbased hairs on the midrib. The standard petal is smaller than in R. chrysoscias but much larger than that of R. microscias (9.5-13 × 7.5-12.5 mm vs. 10.0-15.5 × 7-15 mm in R. chrysoscias and 8-11 × 6-9 mm in R. microscias).
4.2.3.2
Distribution and habitat. The species is restricted to the Core Cape Subregion from the Western Cape Province to the Eastern Cape Province. It extends west to the Caledon area and east from Knysna up to the Port Elizabeth area (Fig. 11) . Rhynchosia leucoscias and R. chrysoscias strongly overlap in distribution and may sometimes be confused with each other. Rhynchosia leucoscias grows in moist to dry sandy soils in short Chrysoscias parviflora E. Mey., Comm., 139 (1832). Type: same as above. See nomenclatural note i). Twining subshrub up to 5 m long, stems silky-canescent. Stipules ovate-lanceolate, acute 5.5-8.0 × 2.6-8.0 mm, pubescent above. Leaflets lanceolate to linear-lanceolate, canescent and sericeous below, non-glandular, glabrescent above without bulbous-based hairs, margins revolute, (30-)40-50 × 6-11 mm long; petioles (3.0-)4.3-8.6 mm long. Peduncles 15-45 mm long, umbels bearing 4-8(− 10) flowers. Flowers axillary, 9.0-10.0 × (2.5-)3.0-4.0 mm. Calyx cano-pubescent; upper lip 4.5-9.5(− 12.5) mm long, lower lip 6.0-12.5 mm long; tube 2-3 mm long, the two upper most lobes connate beyond the middle Standard 8-11 × 6-9 mm, claw 1.5-3.0 mm long; wings 6.0-8.0 × 2.0-3.5 mm, slightly narrower than the keel, claw 3.5-4.0 mm long; keel slightly broader than wing, 4-8 × 3-4 mm, claw 2.5-3.0 mm long (Fig. 12) . Pods ovoid, villous, 12-14 mm long; seeds brown or black. Flowers from late winter through spring: July-September.
